Evidence is presented that poxvirus deoxyribonucleic acid (DNA) synthesis required concurrent protein synthesis. The protein requirement in question can be distinguished from viral-induced thymidine kinase and DNA polymerase by virture of the instability of its messenger ribonucleic acid and its stoichiometric rather than catalytic relation to DNA synthesis. The protein(s) required did accumulate in the presence of fluorodeoxyuridine, an inhibitor of DNA synthesis, and, thus, appeared to be an "early" poxvirus function. The protein(s) was stable since it did function several hours after its synthesis had been terminated by puromycin. Two possible roles for such a protein requirement are discussed.
Between approximately 2 and 4 hr after infection, poxvirus DNA replication occurs in the cytoplasm of infected HeLa cells (4, 13) . Extracts prepared from poxivrus infected HeLa cells show an enhanced incorporation of thymidine into deoxyribonucleic acid (DNA) in vitro in the presence of denatured primer DNA and the other three deoxynucleoside monophosphates (3) . This increase in the ability to incorporate thymidine into DNA can be accounted for by the viral-induced increase in the activities of two enzymes, thymidine kinase (10) and DNA polymerase (6) . No increase in the activity of any of the other deoxynucleoside kinases has been reported as a result of poxvirus infection of cultured animal cells. Considerable evidence has accrued from studies of bacterial and mammalian cells in culture in support of the hypothesis that protein synthesis other than that of any of the known enzymes participating in DNA biosynthesis is required for the initiation of a new round of DNA replication in vivo (7, 8, 12) . In particular, the work of Lark with Escherichia coli (8) indicates that protein synthesis may be required for the conversion of DNA into a primer state so that it may act as a template for DNA replication and for the segregation of chromosomes which may be a necessary requirement prior to the initiation of the second round of DNA replication in vivo. In view of this, we have asked ourselves whether the induction of thymidine kinase and DNA polymerase is a sufficient condition for the replication of poxvirus DNA in the cytoplasm of an infected cell. In particular, is it possible to demonstrate a requirement for the synthesis of an as yet unknown protein which would be analogous to that required for the initiation of DNA synthesis in bacterial cells and cultured mammalian cells? The occurrence of such proteins in poxvirus is not implausible in view of the large size of the poxvirus genome (approximately 160 million daltons molecular weight) and of the fact that poxvirus DNA replication comes to an abrupt cessation only 4 hr after infection, that is, at a time when all of the DNA which has recently been replicated has not entered a deoxyribonucleaseresistant state. Since at this time it has been observed that host nucleic acid synthesis has not been entirely inhibited (3) , it is unlikely that viral DNA synthesis ceases as a result of precursor depletion, but it is likely instead that viral DNA synthesis is a controlled process.
In the present study, we have approached this problem by the addition of inhibitors of protein and messenger RNA synthesis in vivo, and we have observed their effects on the replication of DNA in the cytoplasm of poxvirus infected HeLa cells. In this manner, we have obtained evidence for the existence of a protein other than thymidine kinase or DNA polymerase, which is required for the synthesis of poxvirus DNA. Some of the fundamental characteristics of this protein (or class of proteins) are described.
MATERIALS AND METHODS
The culturing of HeLa S3 cells, the preparation of purified rabbit poxvirus, and the procedure of infection were the same as previously described (9) . Viral DNA synthesis was measured by the incorporation of tritiated thymidine into acid-insoluble products in the cytoplasmic fraction of HeLa cells.
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The cytoplasmic fraction was prepared as previously described (11) . Cell breakage was controlled such that less than 0.5% of the nuclear radioactivity was obtained in the cytoplasmic fraction in the case of uninfected cells. Samples of the cytoplasmic fraction were treated with 5% ice cold trichloroacetic acid and filtered on B-6 nitrocellulose filters (Schleicher & Schuell Co., Keene, N.H). They were washed with 20 ml of 5% trichloroacetic acid, dried, and counted by liquid scmtillation.
The ability of cytoplasmic fractions of infected HeLa cells to catalyze the incorporation of thymidine into DNA was assayed as follows: 0. (6) , except that tritiated deoxyadenosine triphosphate (specific activity = 1.2 c/mole) was employed and that only 20 mMmoles of unlabeled deoxyadenosine triphosphate were added. After 30 min at 37 C, the reaction was stopped by the addition of ice-cold 10% trichloroacetic acid. The samples were then filtered and washed with 20 ml of 5% trichloroacetic acid and then with 6 ml of 70% ethyl alcohol. Samples were then counted by liquid scintillation.
Metabolic inhibitors were used in the following concentrations: puromycin, 15 Mg/ml; cycloheximide, 10 Mg/ml; actinomycin D, I Ag/ml; fluorodeoxyuridine (FUdR), 105 M; uridine, 104 M. Inhibitors were removed from the cultures by two washings with medium at 37 C, and this was followed by resuspension of the cells into fresh medium lacking the inhibitor.
RESULTS
It may be seen from Fig. 1 cycloheximide on viral DNA replication was much more readily reversible than is that of puromycin. This phenomenon has been repeatedly observed and is not consistent with the equal degree of reversibility obtained in the synthesis of thymidine kinase by both of these drugs (unpublished data). The above experiment establishes that protein synthesis is required for poxvirus DNA replication contemporaneously with viral DNA synthesis. In order to establish whether the protein requirement observed above was an early viral function, an experiment was performed to determine whether the protein or proteins in question could accumulate prior to the synthesis of viral nucleic acid. A culture of HeLa cells was infected with rabbitpox in the presence of FUdR (5 x 10-5 M). This treatment resulted in a complete inhibition of viral DNA synthesis, whereas the synthesis of early enzymes continued at maximal rate (9 Figure 3 illustrates that DNA synthesis occurred in the presence of actinomycin D to a slightly greater extent than that observed in the presence of puromycin. Thus, actinomycin D does not appear to inhibit directly the synthesis of viral DNA, and it is, therefore, concluded that the protein requirement has a messenger RNA whose functional lifetime is of the order of 45 min.
Previous investigations have established that the functional lifetimes of the messenger RNA coding for poxvirus-induced thymidine kinase and DNA polymerase are of the order of 8 hr (6, 9) . Table 1 shows that the synthesis of DNA polymerase continued after the addition of actinomycin D at a concentration of 1 ,ug/ml for 2.75 hr at the same rate as the control and for an additional 4 hr at a lower rate than the control. These data confirm the results obtained by Jungwirth and Joklik (6) . It is also seen from Table 1 that the ability of the cytoplasmic extract from rabbitpox-infected HeLa cells to incorporate tritiated thymidine into DNA continued to increase in the same manner as the DNA polymerase after addition of actinomycin D. Addition of puromycin to the culture resulted in an immediate inhibition of the synthesis of 
